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Abstract 
The Gorgon Project is an LNG Project under development, located offshore of the Northwest coast of Australia. Gas supplied 
from offshore gas fields in the Greater Gorgon Area will be used to manufacture LNG at a facility on Barrow Island. Carbon 
dioxide (CO2) is present in the reservoir fluids of the Greater Gorgon Area Fields, and will be extracted from produced fluids 
prior to gas liquefaction into LNG. The Gorgon Joint Venture participants plan to geologically dispose of the produced reservoir 
CO2. The Dupuy Formation, a deep saline formation beneath Barrow Island, has been selected for disposal of Gorgon Project 
reservoir CO2. Subsurface evaluation of the Dupuy Formation for CO2 disposal has focused on reservoir characterisation and 
narrowing subsurface uncertainty ranges. A seismic pilot to assess acquisition methods and a comprehensive appraisal well have 
been used to reduce subsurface uncertainty. A suite of robust subsurface models have been used to gauge the impact of CO2 
injection on development decisions. Key objectives for the Gorgon CO2 development include well injectivity, surveillance and 
containment of injected CO2 within the reservoir. A flexible development plan for CO2 disposal for the Gorgon Project has been 
developed to meet these objectives. 
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1. Introduction 
The Gorgon Project is a major LNG development that will produce gas from several offshore fields in the Greater 
Gorgon Area, off the Northwestern coast of Australia. The Gorgon Joint Venture, the participants in the Gorgon 
Project, is an unincorporated joint venture of three major international oil companies; Chevron (Operator, 50% 
interest), ExxonMobil (25%) and Royal Dutch Shell (25%). Figure 1 shows an overview of the planned 
development for the Gorgon Project. The Greater Gorgon area gas fields will be developed jointly as a subsea 
development with a pipeline tie back to Barrow Island. The raw produced gas will be received on Barrow Island and 
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will be liquified into LNG for export. The foundation Gorgon Project scope now also includes the supply of gas into 
the Western Australian domestic market. 
 
The Gorgon Project has overcome several technical challenges during the concept selection phase of 
development: one of the longest sub-sea tie-backs in the world (145kms) in water depths greater than 1km and 
challenging seafloor terrain with the pipeline crossing the continental  shelf; Barrow Island is a remote location and 
a Class A Nature Reserve; the nearest major logistical staging point (Perth, Australia) is over 1200km away from 
Barrow Island; strict quarantine management regime in place to prevent non-indigenous species contact; and finally, 
the Gorgon gas field has approximately 14% CO2 in the reservoir fluid composition which represents a significant 
volume of CO2 (of the order of 2 Tscf ). 
 
CO2 present in the produced reservoir fluids from the Greater Gorgon Area Fields must be removed from the raw 
gas stream prior to the liquefaction process of LNG manufacture due to CO2 becoming solid under process 
conditions. CO2 will be removed before liquefaction via an amine contact process and a large volume of CO2 will be 
produced at high pressure. The Gorgon Project Joint Venture participants have proposed to dispose the separated 
reservoir CO2 in a deep saline reservoir, rather than vent the CO2 to the atmosphere.  The selected saline reservoir, 
the Dupuy Formation, is located more than 2 km below Barrow Island.  The disposal of Gorgon Project reservoir 
CO2 is a significant commitment by the Joint Venture participants due to the size of the Greater Gorgon Area Fields 
and overall volume of CO2 it contains. Over the duration of the Gorgon Project it is expected that more than 2 Tscf 
or ~ 120 million tonnes of CO2 will be injected in the Dupuy Formation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Gorgon Project development plan 
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2. Geological background 
Processing of the Gorgon Project gas will occur on Barrow Island, with the associated CO2 being disposed 
beneath Barrow Island into the Dupuy Formation. The Dupuy Formation is Late-Jurassic aged and consists of 
sandstones and siltstones, with overall thickness of between 200m and 500m. Barrow Island itself is the surface 
expression of the dominant anticlinal feature of the Barrow Sub-basin of the offshore Carnavon Basin, off the 
NorthWest coast of Western Australia. 
2.1. Geological Summary of the Dupuy Formation 
The Dupuy Formation is a regionally extensive clastic formation, thought to have been deposited in a deep water 
slope depositional setting. This unstable sandy slope was dominated by gravity processes with sediment interpreted 
to have been sourced from a number of influx points at the edge of a large hinterland to the east. The Dupuy 
Formation, which lies at a depth of more than 2000mSS, has been divided into four major rock units; the Basal 
Dupuy, the Lower Dupuy, the Upper Massive Sand, and the Upper Dupuy. These units are shown in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Regional geological setting in the Carnavon Basin, Dupuy rock unit summary with injection well completed in target completion 
interval, Dupuy Fm core photos and Top Dupuy Structure map 
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2.1.1. Basal Dupuy   
The lowermost unit, the Basal Dupuy, is a sideritic cemented, fine to medium grained sandstone, with generally 
poor reservoir quality. The Basal Dupuy is not an injection target.   
2.1.2. Lower Dupuy  
The Lower Dupuy, which is the lower injection target, is a fine grained sandstone and siltstone. It is mostly 
sandstone (up to 90% sandstone) in the northern portion of Barrow Island and is shaley siltstone in wells to the 
south.  
2.1.3. Upper Massive Sand  
The Upper Massive Sand is the upper injection target and is a fine to medium grained, blocky sandstone, capped 
by a fining upward unit at the top. The Upper Massive Sand, which is thought to be a slope deposit, contains 
important intra-reservoir siltstone baffles, such as the Perforans “Shale” (actually a very low permeability siltstone). 
2.1.4. Upper Dupuy  
The Upper Dupuy is a bioturbated siltstone with minor interbedded sandstone lenses.  It forms a barrier/baffle at 
the top the Dupuy Formation, and is not an injection target. The Upper Dupuy is thought to have been deposited in a 
shelfal/offshore transition environment.  
2.1.5. Geologic summary of the Basal Barrow Group Shale 
Immediately above the Dupuy Formation is the Basal Barrow Group Shale, which is a deltaic shale unit at the 
base of the Barrow Delta. It is present in every well which penetrates down to the top of the Dupuy Formation on 
Barrow Island, and is therefore considered to be a regionally extensive and continuous barrier. 
3. Subsurface uncertainty assessment 
A multi-disciplinary team undertook subsurface uncertainty assessment for key project parameters for Gorgon 
CO2 disposal: pore volume, injectivity, containment and reservoir surveillance/verification following a detailed 
review of many existing Barrow Island oil field wells. From this assessment, the acquisition of new data was 
recommended to narrow or confirm the range of uncertainty for key subsurface variables. This data was acquired in 
two significant activities; the drilling of a project specific appraisal well with a comprehensive evaluation program, 
the Gorgon CO2 Data Well; and a seismic pilot of data acquisition methods for improved data quality and seismic 
imaging beneath Barrow Island. 
3.1. Data acquisition – Gorgon CO2 Data Well 
The Gorgon CO2 Data Well was drilled during 2006, on the central east coast area of Barrow Island within the 
selected area for CO2 disposal. An extensive range of high quality data was acquired with the well. This data 
included: 500m of continuous core through all baffles, barriers and reservoirs of the Dupuy Fm; a comprehensive 
modern open hole logging suite; formation pressures and wireline mini-frac testing; leak-off test data; water 
production and injection well test data; and a vertical seismic profile. 
 
Evaluation of data from the Gorgon CO2 Data Well has successfully narrowed the range of subsurface 
uncertainty for the project. With robust stratigraphic, petrophysical and geomechnical data from the well, a new 
range of subsurface models were developed. Using MICP analysis, the Basal Barrow Group Shale was confirmed to 
have effective sealing properties. Geomechanical measurements taken in the appraisal well such as leak off tests and 
wireline mini-fracs have been incorporated into a mechanical earth model (see section 4.1).  
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3.2. Data acquisition – CO2 seismic pilot 
It is planned to acquire multiple 3D surveys using the same acquisition parameters over the life of the project to 
monitor plume migration with time-lapse (4D) seismic. In preparation, a 2D seismic field trial has been undertaken 
on Barrow Island to evaluate the optimal combination of seismic source and receivers for 4D seismic monitoring. 
This seismic pilot was necessary because of the unique challenges of acquiring seismic data on Barrow Island 
including a restriction on land use to a total of 25 hectares and aim of minimizing the environmental footprint, and 
the presence of near surface karst limestone that severely degrades the seismic data quality. 
  
The results of the seismic pilot have been incorporated into the plans for acquiring a 3D baseline seismic survey 
prior to the commencement of Gorgon operations on Barrow Island. The baseline survey plan includes a mixture of 
deep buried explosive sources in the poor data quality karst areas and vibrator sources in better data quality areas 
close to sea level. Large surface receiver arrays will be deployed to attenuate ground roll and to counteract the 
scattering and attenuation of the seismic energy caused by the karst limestone. Drilling and recording operations will 
be manportable supported by helicopters in order to comply with the environmental land use controls. 
4. Containment 
4.1. Geomechanics 
A comprehensive geomechanical model has been developed for the Dupuy Formation based on various data:  
pore pressures, modified leak off tests, mini-frac data, image log data from the Gorgon CO2 data well; fault 
geometries mapped from seismic and rock mechanics data from core analysis. This geomechanical model is a 
significant component in evaluating the subsurface disposal of CO2 into the Dupuy Fm; it impacts well trajectories, 
well placement, provides constraint on containment and provides well operability limits for injection pressure. 
 
The geomechanical model influences the placement of wells by the identifying favourable well trajectories and 
stepout distance from common drill centres. Operating pressures were partly derived from the geomechanical model 
– as the determination of fracture initiation and propagation pressures from the model influenced the setting of the 
operating pressure range and optimal development well count. 
4.2. Hydrodynamic Study 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Pressure and salinity contrast between the Dupuy and overlying Barrow Group Formations. 
-2500
-2400
-2300
-2200
-2100
-2000
-1900
-1800
-1700
-1600
-1500
-1400
-1300
0 4000 8000 12000 16000 20000 24000 28000 32000 36000
TDS (ppm by analysis)
D
ep
th
 (m
SS
)
1800 2000 2200 2400 2600 2800 3000 3200 3400 3600
Pressure (psia)
Dupuy MDT
Barrow MDT
Core plug
Salinity 
transition zone
Top UD
Top UMS
Top LD
Top BD
Barrow group 
0.43 psi/ft
Dupuy 0.417 
psi/ft
x Pressure point
M. Flett et al. / Energy Procedia 1 (2009) 3031–3038 3035
6 Flett/ Energy Procedia 00 (2008) 000–000 
The Dupuy Formation hydrodynamic study was an important component of the containment assessment process. 
The modelling provided an explanation to the following questions: Are formation faults likely to be sealing or 
communicating? What is the integrity of the top-seal? Pressure and salinity data acquired with the Gorgon CO2 Data 
Well and legacy operation wells have shown aquifer pressure separation and salinity differences of at least 20,000 
ppm TDS equivalent between the Dupuy and overlying aquifers in the lower Barrow Group (as shown in Figure 3). 
These differences indicate the existence of hydraulically separation between the aquifers over a production time 
span. Therefore, at least one and possibly two competent regional seals are present directly above the Dupuy 
Formation. 
5. Subsurface Evaluation 
5.1. Reservoir modelling 
In order to make informed development decisions, reservoir models of the Dupuy Formation were developed to 
evaluate subsurface uncertainty in reservoir volume, continuity and permeability. The objective of these models was 
to test plume evolution under a range of geologically plausible realizations. The approach taken for static and 
dynamic model construction is detailed in Flett et al [1].  The petrophysical analysis and inputs to the geological 
model are described by Brantjes [2]. 
 
Previous static and dynamic studies had shown that permeability was one of the key uncertainties which needed 
to be evaluated by the range of static models.  Permeability is an important factor which influences the ability to 
inject CO2 and controls the migration of the plume in the reservoir after injection. The suite of static and dynamic 
models evaluated the uncertainty in the magnitude of permeability and permeability heterogeneity (or reservoir 
connectivity) and the impact on injectivity and plume migration. 
 
After the static models were constructed and quality checked, the models were then upscaled to appropriate 
simulation model dimensions for efficient dynamic simulation of CO2 injection. The model representing the most 
likely geological scenario was used for development planning purposes. The approach to dynamic modelling is 
discussed in Flett et al. [1]. The methodology for handling CO2-water relative permeability in the reservoir 
simulation package is described in Schembre-McCabe et al. [3]. 
5.2. Development planning 
The subsurface development concept for Gorgon CO2 injection resulted from a fully coordinated and integrated 
study involving all members of the subsurface team and individuals from other disciplines within the Gorgon 
Project. Many factors influenced the decisions on injection well count and well placement. These factors included 
geological factors (such as potential CO2 migration pathways, sand thickness, and reservoir quality), geomechanical 
limitations (pressure limitations, well step outs) as well as containment risk factors such as presence of faults and 
legacy exploration penetrations. The development concept includes three drill centres, 8 deviated injection wells, 
four pressure management wells (water producers) and four reservoir surveillance wells. The pressure management 
wells will extract water from the injection interval (away from the plume area) to reduce pressure in the formation, 
enabling efficient injection of CO2 and reducing pressure on key faults. The reservoir surveillance wells provide a 
means of in-situ monitoring of the migration of the plume away from the injection wells. The injection wells will be 
completed in the Lower Dupuy and in the Upper Massive Sand (below the Perforans siltstone). Completion beneath 
the Perforans siltstone will provide an effective baffle for early vertical containment of the injected CO2. 
Optimization and refinement of the development plan is continuing, thus the development plan is subject to change.  
5.3.  Reservoir surveillance 
Reservoir surveillance options have been evaluated to assist in responsible plume management by use of 
mitigation signposts. Acquired reservoir surveillance data should identify any negative signposts to allow mitigation 
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in the deep subsurface. Integration of reservoir surveillance and reservoir simulation data will assist the 
demonstration of site integrity and assure project stakeholders of long term continued containment of the plume in 
the Dupuy Formation. The types of reservoir surveillance data to be acquired include: Injection wells – wellhead 
pressure, flowrate, continuous downhole pressure, phased logging of cement integrity tools and production logs; 
Pressure management wells – continuous downhole pressure; Reservoir surveillance wells – saturation logs and 
continuous down-hole pressure above the injection interval; Surface seismic – 3D baseline survey over predicted 
plume area with repeat 3D and passive seismic surveys over project life; and soil gas flux sampling over the 3D 
seismic source grid and additional sampling at potential near-surface seepage points. The conceptual integrated 
development and reservoir surveillance plan is shown as Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Conceptual integrated development and reservoir surveillance plan 
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6. Summary 
The Gorgon Project Joint Venture participants have proposed to dispose of reservoir CO2 from the Greater 
Gorgon fields into the Dupuy Formation beneath Barrow Island. It is expected that over the life of the Gorgon 
Project more than 2 Tscf  ( more than 120 million tonnes ) of CO2 will be injected into the Dupuy Formation.  
 
The assessment and narrowing of key subsurface uncertainties drove data acquisition and subsurface evaluation 
of the Dupuy Formation and subsequent development planning. The development plan for the Gorgon CO2 
geological disposal concept required integration from a multi-disciplinary subsurface team. The proposed 
development plan balances multiple factors including geology, expected plume migration pathways, feasible well 
engineering and land take considerations. An integrated reservoir surveillance plan to monitor the CO2 plume has 
been developed to ensure responsible plume management and maintain stakeholder support of the project. 
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